In the original paper, the authors estimated seasonal frost penetration in pavements with multiple layers at three different sites in Iowa. Pavement temperature sensors were installed at each site, and the monitoring took place from 2013 to 2016. The type of pavement differed from one site to another; the first site (Expo-1) was made of hot-mix asphalt (HMA); the second site (Expo-2), of portland cement concrete (PCC); the third site (US 30) had a surface made of jointed plain concrete pavement (JPCP). A computer program, pavement-transportation computer assisted structural engineering (PCASE), was developed by the authors for estimating the depth of frost penetration based on the modified Berggren equation. The authors found that the empirical models, based on the weather history of Ontario and Michigan, either underestimated or overestimated penetration depth. They obtained satisfactory results by modifying the default values, mostly the n-factor and the soil properties, in the PCASE model. Results also indicated that pavement type, foundation layer conditions, and local climate affected the computer program's frost penetration estimates. The authors observed that including site-specific information improved the accuracy of frost penetration predictions.
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Discussion
In their study, the authors used air and surface temperatures to estimate seasonal frost penetration in accordance with three simplified empirical models and the modified Berggren equations applied in PCASE. The discussers have concerns about this work.
The first concern is related to the authors' use of the n-factor, which plays an important role in relating the air freezing index (FI) to the surface freezing index, which can afterward be used for calculating frost penetration (Lunardini 1981) . Since the accuracy of the model is dependent on the n-factor, that value cannot be derived from an average of the measurements taken at the Expo-2 site. As stated by the authors, although the US 30 site was approximately only 11 km from the Expos sites, significant differences between the measured frost penetrations for those locations in the same year were noted. This means that proceeding with the transferred value might introduce a bias in the obtained results at the US 30 site. Moreover, according to Aldrich (1956, p. 137) , "it is evident that the value of n which is applicable to one locality may be very different from that at another site even under identical pavement conditions."
Another concern relates to one of the authors' main objectives, which was to estimate frost penetration with the traditional modified Berggren equation (Aldrich and Paynter 1953) and other simplified empirical models. For this reason, the discussers used an empirical curve to calculate frost penetration at the three sites evaluated in the original case study. The discussers' results were compared with both the observations and the calculated values from PCASE. The recorded freezing indexes provided in the original paper were used along with the empirical curve established by USACE (1949). Fig. 1 in the present discussion was determined from frost penetration data gathered during the winters of 1944-1945 and 1945-1946 .
The discussers' results are presented in Tables 1 and 2. Table 1 and Fig. 2 shows that the empirical model performed extremely well, especially for winter 2015-2016. The average deviation with respect to the measured penetrations at the Expo sites was about 1.5% whereas it was 18% and 16% for 2013-2014 and 2014-2015, respectively. On average, the empirical curve did better than the Ontario and Michigan relations, with differences between penetration results of approximately 1-25 cm. In the original paper, the reported difference was 35-50 cm. On the other hand, differences in the PCASE results varied between 16 and 38 cm for Site Expo-1 and between 9 and 17 cm for Site Expo-2.
The results presented in Table 2 and illustrated in Fig. 3 show that the empirical model outperformed the PCASE model for the US 30 site when the air freezing index was used to simulate frost penetration. In fact, apart from the period 2011-2012, the deviation lay between 3% and 7% whereas for the same period it lay between 3% and 33% with PCASE. One notices that the greatest deviation, as far as the observed values are concerned, was obtained with the lowest freezing index (146). That value was much lower than the median value observed (423).
Considering the range of results in 2012-2016, the discussers found that both models yielded similar frost penetrations. Given that the empirical curve was set up with only two consecutive years of observations, it is remarkable that the predicted frost depth was close enough to the observations. An empirical curve with more years of observation might improve the accuracy of such a model.
Most of the time, in real engineering problems, only the air freezing index is available. For this reason, the empirical curve might be of great help because it provides a good approximation of frost penetration without geotechnical considerations.
Conclusion
Unlike the empirical models used in the authors' case study (based on Ontario and Michigan weather history), the results obtained from the empirical curve presented in 1949 by the USACE Arctic Construction and Frost Effects Laboratory are within range of those estimated by the PCASE model implementing the modified Berggren equation. Since engineers rarely have the surface freezing index at their disposal, the empirical curve might be useful in the early phases of a construction project. The only requirement for its application is the air freezing index, which is widely available at weather stations. 948  114  107  117  145  132  589  89  85  94  101  111  339  71  53  62  69  71 a Frost penetration based on air freezing from original paper. 
